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Switchable Permanent Magnetic Device 

FlQld of the invention 

The present invention relates to a magnetic device, to paiticular, the present invention 
relates to a switchable permanent magnet device. 

S Background of the Invention 

Permanent magnets consist of a fenomagnetic material that has been suitably 
magnetized. Permanoit magnets provide a magnetic field without requiring an electric cunent. 
Pemianent magnets are attracted to and can be firmly affixed fmomagnetic matmals. However* 
pemidnent magnets suffer fiom the drawback that tfieir energy output is fixed and they cannot 
10 be employed if a variation in magnetic field strength is required. 

Due to the above-mentioned drawback witti permanent magnets, it has been customary 
to control magnetic fields by using electric currents or electromagnets. The strength and 
orientation of the magnetic fields of electromagnets can be controlled successfully by 
controlling the strength and direction of the electric current. However, this introduces the 
15 necessity of having to provide a constantly available source of electric cutrent and associated 
wiring. This can cause con^lexity and potential hazards. 

A number of atten^ts have also been made to arrange pcnnanent magnets to enable 
variations to be achieved in magnetic field strength. A number of different approaches have 
been tried to produce practical solutions. However, these approaches resulted in bulky 

20 constmctionsy complicated constructions^ or devices that were exp»sive to manufkcture. The 
prior art devices also paid little attention to achieving a good holding force between the devices 
and substrates mder conditions where an incomplete external magnetic circuit existed, for 
example, where there were gaps between the magnet and the keep^, or where the keener or 
substrate had a low permeability, such as thin ferrous sheet metal. To achieve good holding 

25 forces in the prior art devices, it was necessary that perfect contact between the magnet and the 
substrate be achieved and that the substrate be of substantial volume to enable a sufficient 
magnetic flux to be established. This, of course, could be difficult to achieve in practice. 

United States patent no 3121193 (Engelstead) describes a permanent magnet-type work 
holding device especially a chuck that is adapted for use in turning operations. The device of 
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Eogelstead consists of arrays of permaneat magnets, which magnets are of genendly rectangular 
configuration. In order to adjust the field strength an array of pole pieces was moved away fiom 
and out of aUgnment with another array of pole pieces. 

United States patent no 4251791 (Yanagisawa) describes a magnetic base which is 
5 switchable between an engaged position and releaseable from a substance by an operation of a 
single rotating pmnanent magnet disposed notably in a magnetic circuit block. The rotaxy 
magnet in Yanagisawa is rotated by 90^ to switch between the exited and the unexcited states. 
This device rdies upon using passive external magnetic members of substantial mass (12 and 
14 of Figure 1 of Yanagisawa) having a lotatable magnet (20) positioned therein. 

10 United Kingdom patent appUcation xio 2130797 relates to a permanent magnet chuck 

capable of svwtching 6om an excited state to an unexcited state by changing the illative 
positional relationship between fixed permanent magnets and movable pcnnanent magnets. The 
movable permanent magnets move laterally with respect to the fixed magnets in order to vary 
the magnetic filed. 

IS Summary of the Invention 

K is an object of the present invention to provide a switchable magnetic device having 
improved properties. 

In a first aspect, the present invention provides a switchable magnetic device comprising 
a housing, a first permanent magnet, a second permanent magnet, said first and second 

20 permanent magnets being diametrically polarised, said first and second permanent magnets 
being mounted within the housing such that the first and second permanent magnets are 
rotatable relative to each other, and actuation means for causing relative rotation of the first and 
second permanent magnets, wherein said device presents a relatively strong external magnetic 
field when said first and second permanent magnets are positioned relative to each other such 

25 that a north and south poles of the first magnet are in substantial aUgnment with respective 
north and south poles of the second magnet, and the device presents a relatively weak external 
magnetic field when ttie first and second magnets are positioned relative to each other such that 
the north pole of the first magnet is in substantial alignm«it with the south pole of the second 
magnet and vice versa 

30 The housing preferably includes a low magnetic reluctance path. 



004$33393v2 

3 

Pre&rBbly^ the first and second magnets are substantially cylindrical. In a particularly 
preferred embodiment the first and second magnets are substantially disc shaped. 

Preferably, the first magnet and the second magnet are mounted in flie housing such that 
a face of the first magnet is opposed to a face of tb^ second magnet. Most pref«ably, one 
5 magnet is mounted above the other magnet. 

It is preferred that one magnet is fixedly mounted in the housing and that the other 
magnet is able to rotate in the housing. However, it will be appreciated that relative rotation 
between the magnets can also result firom both magnets being rotatable. Accordingly, the 
present inv^tion also encompasses devices in which both magnets can rotate. 

10 The housing may comprise a pair of passive ferro-magnetic elements which are 

magnetically separated, for example^ by an air gap or by magnetically high reluctance 
material(s). The housing most suitably defines a chamber in which the jfibrst and second magnets 
are positioned. The chamber may have open ends or, more preferably, is a closed chamber. 
Chamber closing members are suitably used to close the chamber. 

15 In another embodiment, the housing is made as a unitary oonstmction or from a single 

piece of material. In this embodimmt, it is preferred that there be two portions of the housing 
having reduced cross sectional area such that the housing acts as two passive poles. 
Alternatively, portions of the housing may be treated such that the portions become non- 
magnetic to thereby result in the housing acting as two passive poles. 

20 The housing is preferably made from a material having a low magnetic reluctance. Soft 

steel, iron or permalloys are examples of suitable materials for the hoxising. 

The housing most preferably comprises a pair of passive poles. The strength of the 
external magnetic field can be maximised by shaping the pair of passive poles such that they 
reflect the magnetic field strength around the perimeter of the first and second pemianent 
25 magnets. 

The first and second magnets are preferably substantially disc-shaped. Most preferably, 
the first and second magnets are essentially cylindrical in shape and the height of the cylinder is 
less than the diameter of the cylinder. It will be appreciated that the first and second magnets 
need not be exactly cylindrical and that slight variations from a circular cross-section also fall 
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within the scope of the present invention. The height of the magnets may vary over a wide 
range, and the ratio of diameter to height may also vary ov^ a wide range. 

The first and second magnets are also diametrically magnetised. By that, it is meant that 
the north pole region is separated by a diameter of the cylindrical surface of the magnet fiom the 
5 soutti pole region. The north pole region and south pole region both exist on flxe upper and 
lower substantially circular faces of the magnet and extend through the length or height of the 
magnet 

The first and second magnets may be essmtially identical to each other. 

Alternatively, Ac first and second magnets may have different magnetic properties. The 
10 magnets may have the same or different physical dimensions to each other. Varying the 

magnetic properties or tiie physical dimensions of the first and second magnets can be used in 
some embodiments of the invention to vary magnetic switching properties. 

As mentioned earlier, it is preferred that one magnet is fixed in the housing and one 
magnet can rotate in the housing. It is especially preferred that the rotatable magnet can rotate 
15 about the centre point of its essentially circular faces. In this fashion, the requirement for large 
clearances between the inner walk of the housing and the rotatable magnet are avoided. In this 
embodiment, the shape of the body of rotation of the rotatable magnet is the same shape as the 
magnet itself (ie substantially circular in top or plan view) and thus the magnet can rotate and 
yet retain its positioning relative to the walls of the housing. 

20 The actuation means for causing relative rotation of the magnets preferably comprises a 

handle or knob being in connection with one of the magnets. The handle or knob may be 
connected to the one magnet by one or more intermediate members. 

The handle or knob may be rotated manually, electrically, pneumatically, hydraulically, 
by the action of expansion of a bim^allic strip, or indeed by any other suitable method 

25 The handle may comprise a torque sensitive lever (hat does not allow a tozque in excess 

of a predetermined amount to be applied to the one magnet hi this regard, when there is no 
external load applied to the device, it is difficult to switch device between active and inactive 
states. Use of a torque sensitive lever as part of the actuation means can result in it being 
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impossible to switch the device between the active and inactive states if no sufficient external 
magnetic circuit is present. 

As mentioned above, the housing preferably includes two passive poles, and it is also 
preferred that one magnet is fixed in the housing. In this particularly prefeired embodiment, the 
5 one magnet is fixed in place such that the pole pieces are permanently energised. 

The pamanent magnets in the first aspect of the present invention may be of any 
suitable type. The most prefened at present are rare earth magnets because they can have a 
strong magnetic field. Such magnets also have a high coercivity, which means that they i^ist 
becoming demagnetised, ft is mvisaged that permanent magnet technology will continue to 
10 develop and it is likely that more powerfid magnets will become available in the future diat will 
be suitable for use in the present invention. 

The first and second magnets may be essentially identical to each other. Alternatively, 
the first and second magnets may have different magnetic properties. The magnets may have the 
same or different physical dimensions to each other. Varying the magnetic properties or the 
15 physical dimensions of the first and second magnets can be used in some embodiments of the 
invention to vary magnetic switching properties. 

The present invention may be used as a switchable magnetic holding device. For 
example, the device may be used to clasp onto surfaces, especially metal surfaces. In some 
embodiments, the surfiace to which the device is affixed is located adjacent or underneath a 
20 lower surface of the lower magnet. In other embodiments, the surface to which the device is 
affixed is located adjacent or beside the side surfaces of the magnets. 

Alternatively, the device may be used in implications where mainly use of magnetic field 
is required or desirable. For example, triggering magnetic sensors, for example, m mines, 
particle deflection, etc. 

25 In a second aspect, the presmt invention provides a switchable magaetic device of the 

kind including a housing, a first pemwnent magnet, a second pemnanmt magnet, the first and 
second pennanent magnets heiag mounted within the housing such that the first and second 
magnets are rotatable relative to each oflier, and actuation means for causing relative rotation of 
the fjrst and second magnets, wherein in a "fially off* position the north pole of the first magnet 

30 is in substantial alignment with the south pole of the second magnet and vice versa such that the 
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device presents a relatively weak esctenud magaetic field and lelative lotation of the magnets by 
1 80* moves the magnet to a *'fully on" position in which the north pole of the first magnet is 
positioned in alignment with the north pole of the second magnet such that the device presents a 
relatively strong external magnetic field, chaxacterised in that a biasing means is operadvely 
5 associated with said actuation means to bias said magnets away from the fidly offposition and 
wherein placing said device on or in close proximity to a ferromagnetic material causes the first 
and second magnets to switch to a relative orientation such that the device presents a relatively 
strong external magnetic field. 

Preferably said relative orientation conqnises the fiilly on position. 

10 The device of the first aspect of the present invenfion provides a switchable magnetic 

device that can automatically switch to an '^on'' position in which the device presents a relative 
strong external magnetic field when the device is positioned on or in close proximity to a 
farromagnetic material. 

hi a tiiird aspect, die present invention provides a switchable mis^etic device of the kind 
15 including a housing* a first permanent magnet, a second permanent magnet, the first and second 
permanent magnets bemg mounted within the housing such that the first and second magnets 
are rotatable relative to each other, and actuation means for causing relative rotation of the first 
and second magnets wherein in a **fiilly off* position the north pole of the first magnet is in 
substantial aligmnent with the soutib pole of the second magnet and vice versa such that the 
20 device presents a relatively weak external magnetic field and relative rotation of the magnets by 
1 80** moves the magnets to a "ftdly on" position in which the north pole of the first magnet is 
positioned in aligmnent with the north pole of the second magnet such that the device presents a 
relatively strong external magnetic field, characterised in that said device fiuther includes 
rotation limiting means preventing said magnets fiom reaching the "fiilly on" position. 

25 In a fourth aspect, &e present invention provides a switchable magnetic device of the 

kind including a housing, a first permanent magnet, a second permanent magnet, the fii^t and 
second permanent magnets being mounted within the housing such that the first and second 
magnets are rotatable relative to each other, and actuation means for causing relative rotation of 
the first and second magnets, wherein, in a **fiilly off' position the north pole of the first magnet 

30 is in substantial aligmnent with the south pole of the second magnet and vice versa such that the 
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device presents a relatively weak external magnetic field and relative rotation of the magnets by 
180^ moves this magnets to a **fiilly on" position in which the north pole of the first magnet is 
positioned in alignment with the nortti pole of the second magnet such that die device presents a 
relatively strong extCTial magnetic field, characterised in ttiat relative rotation of the first and 

5 second magnets is limited to less than 180^ such that said magnets are prevented fiom reaching 
the fully on position but said first and second magnets can be rotated to a relative orientation 
such that the north and south poles of the first magnet are closely but not completely aligned 
with respective north and south poles of the second magnet such that said device still presents a 
relatively strong external magnetic field and said device automatically switches to a state where 

10 the external magnetic field is relatively weak when said device is removed fiom contact or 
removed from close proximity to an external femomagnetic mat»ial. 

In a fifth aspect) the present invention provides a switchable magnetic device of the kind 
including a housing, a first permanent magnet, a second permanent magnet, the first and second 
permanent magnets being mounted within the bousing such that the first and second magnets 

IS are rotatable relative to each other, and actuation means for causing relative rotation of the first 
and second magnets, wherein in a *fully oS" position the north pole of die first magnet is in 
substantial alignment with the south pole of the second magnet and vice versa such that the 
device presents a relatively weak external magnetic field and relative rotation of the magnets by 
1 80° moves the magnet to a "fiiUy on" position in which the north pole of the first magnet is 

20 positioned in alignment with the north pole of the second magnet such that the device presents a 
relatively strong external magnetic field, characterised in that said actuation means includes a 
flexible portion that deforms if the actuation means is actuated in the absence of an external 
magnetic circuit to thereby limit relative rotation of said magnets, said flexible portion having 
sufficient yield strength to substantially avoid deformation during actuation of said actuation 

25 means in the presence of an external magnetic circuit. 

Preferably, said flexible portion is a spring link. 

Preferably, said flexible portion can be deformed to a maximum extent, after M^uch 
continued actuation of the actuation means acts to cause relative rotation of the magaets. 

fa one embodimait of the fifth aspect of the present invention, if an external magnetic 
30 circuit is established and the device switched to the "on" position, the device may remain in the 
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"on" position if the external magnetic circuit is forcibly removed. Thus, the device can act as a 
^'memory'* advisor in that its status can tell whether successful contact with an external 
magnetio circuit was achieved. 

In a sixth aspect, the present invention provides a coupling comprising a coiqsling 
5 comprising a jSrst magnetic device and a second magnetic device, the first magnetic device 
being a switchable magnetic device conq>rising a first permanent magnet and a second 
pemianent magnet, said first atld second pmnanent magnets being movable telative to each 
other and actuation means for efiPecting relative mo vraient between die first and second 
magnets wherein said first magnetic device presents a relatively strong external magnetic field 

10 when the first and second magnets are positioned relative to each other such that north and 
south poles of the firat magnet are in substantial alignment wifli respective north and south 
poles of the second magnet and the first magnetic device presents a relatively weak external 
magnetic field when die north pole of the first magnet is in substantial alignmmt with the south 
pole of the second magnet and vice versa, said first magnetic device and said second magn^ 

15 device being arranged relative to each other such that said second magnetic device attracts ttie 
first magnetic device when the first magnetic device presents a relatively weak external 
magoetic field and said second magnetic device repels said first magnetic device when said first 
magnetic device presents a relatively strong external magnetic field. 

The second magnetic device may be a magnet. Alt«natively. the second magnetic 
20 device may be a second switchable magnetic device in accordance with any of Ac first to fifth 
aspects of the present invention. 

The coi4>ling of the sixdi aspect of the present invention allows for both positive 
coT«)ling and positive uncoupling. When the switchable magnetic device is in an "off* position, 
the second magnetic device attracts the switdiable magnetic device and coupling is achieved. 
25 When tfie switchable magnetic device is in the "on" position, die second magnetic device repels 
the switchable magnetic device and a positive uncoupling can occur. 

In all aspects of the present invention, the device may finlher include a child-proof lock 
or child-proof catch type arrangement in ttie actuation means such that some extra manipulation 
by a usCT is required before the magnets can be rotated. For example, the actuation means may 
30 comprise a knob that must be pushed down before rotational force applied to flie knob can be 
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transferred to the mdgnet(s)). Other axiangements which will be readily apparent to the person 
of skill in the art will also be readily apparent. 

Brief description of the drawings 

In ordoT to more fiiUy understand the present invention, a preferred embodiment of the 
5 invention will now be described with reference to the accompanying drawings, in which; 

Figure 1 is a perspective view of an essentially cylindrically-sh^ed magnet for use in 
the present invention; 

Figure 2 shows a device in accordance with the present invention apart and in-line for 

10 Figures 3 and 4 show schematic; cross-sectional side views of the device in accordance 

with the present invention to demonstrate the principle of the present invention; 

Figure 5 shows the relationship between the angle of rotation and the external magnetic 
field in a device in accordance with the present invention; 

Figure 6 shows an end view of a device in accordance with the present invention, 
1 5 particularly showing one potential suitable shape for the pole pieces. 

Figure 7 shows a plot of relative force against angular displacement showing the internal 
forces acting on the device as a function of angular displacement of the magnets relative to each 
other in the absence of an external magnetic circuit; 

Figure 8 is a sinular plot to Figure 7 but shown in the presence of an external magnetic 

20 circuit; 

Figure 9 shows a plot of Figures 7 and 8 superiiqposed upon each other with an 
explanation as to the functioning of the first aspect of the present invention; 

Figure 10 shows the forces required for an explanation as to the functioning of the third 
and fourth aspects of the present invention; 

25 Figure 11 is a top view, partly in cross-section of a switchable magnetic device in 

accordance with the present invention; 

Figure 12 shows a top view of a switchable magnetic device in accordance with the third 
and fourth aspects of the present invention; 
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Figure 13 shows a top view, in cross-section, of an embodiment of the invention using a 
torque sensitive lever as the actuation means; 

Figure 14 illustrates the forces involved in a fail-safe airangement embodying the 
present invention; and 

Figure 15 shows a top view, in cross section^ of an embodiment in accordance with the 
fifth aspect of the invention; and 

Figures 16 and 17 show schematic diagrams demonstrating the principle of operation of 
coupling in accordance with the sixth aq>ect of the present invention 

Detailed description of the embodlnnerits 

The magnet 1 as shown in Figme 1 may be described as a cylindrically-shaped magnet. 
The magnet is diametrically magnetised. By that, is meant that the notional division betwem the 
north pole and the south pole of the magnet is achieved by a vertical plane tiiat passes along a 
diameter 2 of an i^p^ face 3 of the disc magnet 1. 

The disc magnet 1 shown in Figure 1 is preferably a rare-earth type magnet, for example, 
the magnet 1 may be a neodymium-iion-boxon magnet. The present invention also contemplates 
the use of any other permanent magnet material. 

Turning to Figure 2, the device includes a first magnet 10 and a second magnet 11. Both 
magnets 10, 1 1 are essentially disc sh^ed magnets and are similar to magnet 1 as shown in 
Figure 1. Magnets 10, 11 are housed in a housing that is made fix>m pole pieces 12, 13. Pole 
pieces 12. 13 are pref^ably made fiom a material that is ferromagnetic with low magnetic 
reluctance. The pole pieces 12, 13 are arranged such that they fixedly hold lower magnets 10 in 
a fixed position. Upper magnet 1 1, however, is able to be rotated within the housing formed by 
pole pieces 12, 13. 

In order to facilitate rotation of upper magnet 1 1, the magnet 1 1 is fomied with notches 
or grooves 14, 15 along its vertical side walls. These notches or grooves 14, 15 receive the 
downwardly depending arms 16, 17 of bar 18, Bar 18 is received inside a groove 19 formed on 
boss 20. Boss 20 is connected to a short bar 21 that, in turn, is fixedly connected to a handle or 
lever 22. By this means, rotation of handle or lever 22 causes rotation of second magnet 1 1. It 
will be appreciated tiiat second magnet 1 1 rotates essentially about its centre point. 
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The device Anther includes a top cover 23 that is fixedly secured to the housing fomed 
by pole pieces 12 and 13. Cover 23 seals the top of ttie housing formed by pole pieces 12, 13. It 
will be noted Aat boss 20 extends through an opening in top cover 23 and that sealing 
member 24 assists in forming a water ti^t and dust proof sea] arouxul that opening. 

5 In one embodiment of the device shown in Figure 2, the lower surface of lower 

magnet 10 formed part of the lower surfice of the device. In diis embodiment, the lowest 
sur&ce of the lower magnet 10 is positioned such that it lie$ essentially adjacent to the lower 
surfaces of respective pole pieces 12, 13. 

hi another embodiment, the lower surface of the device is provided by a lower cover (not 
10 shown). 

In either embodiment, it is prefcned that the device is essentially sealed, such that it is 
substantially waterproof and dustproof This enables the device to be used in harsh 
environments, such as dusty environments, wet environments, or even fully submerged. 

The principle of operation of the device in accordance with the present invention is 
15 shown in Figures 3 and 4. hi Figures 3 and 4, first magnet 10 and second magnet 11 are 
mounted such that first magnet 10 is below second magnet 1 1 . The fii^t and second magnets 10, 
11 are mounted such that they are in face to face juxtaposition. First magnet 10 is fixedly 
mounted, whilst second magnet 1 1 is mounted for rotation about axis of rotation 24. 

In Figure 3, the second magnet II has been posi&OQed such that its north pole 
20 substantially ovctUcs the south pole of first magnet 10. Similarly, it follows that the south pole 
of second njagnet 11 substantially overlies the north pole of first magnet 10. In this 
arrangement, the first and second magnets act as an intemal active magnetic shunt and as a 
result the external magnetic field strength from the device is quite low. 

Rotatmg the \q>per magnet 1 1 180^ about its axis of rotation brings the magnets into the 
25 alignment as shown in Figure 4. In this alignment, the respective north and south poles of the 
upper magnet 1 1 substantially ov^lie respective north and south poles of lower magnet 10. hi 
this alignmmt, the external magnet field fiom the device is quite strong and the device can be 
firmly attached to ferromagnetic surfeces. The passive poles are important in assistmg the 
magnetic functionality shown in Figures 3 and 4, 
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Figure S shows the analogue relation$hip between the angle of rotation and the variation 
of the mtemal magnetic field. The exact characteristics of the curve dq>end on the way the disc 
magnets are magnetised in their physical sfa^ as well as the sh^ of the poles (12, 13). 
Variation of the ratio of the magnetic energy products of the magnetic discs 10, U can achieve 
5 fbrOnei' modification of the curve in figure 5 to suit particular applications. 

Further increases in external magnetic field strengths can be accomplished by sh^nng 
the wall Aickness of the pole pieces 12, 13 in such a way that they reflect the variation of the 
magnetic field strength around the perimet^ of the permanently magnetised discs 1 0, 1 1 . 

Figure 6 indicates the design of the pole pieces 12, 13 shaped in accoidance with the 
10 variation of the field strength H around the perimeter of the magnetic discs 10» 11. The 
iqjplication of the inverse square law of magnetic fields achieves good results but specific 
materials and appUcations they influence the optimal sh^. In particular, the wall thickness of 
the poles may be varied as follows: 

(a) oval poles, whwe the wall thickness is a mathematical function of the 
1 5 field strength of the perimeter of the magnets; 

(b) oval poles, where the wall thickness is a mathematical function of the 
distribution of the magnetic mass of magnets 10 and 1 1 ; 

(c) round pole pieces, where the wall thickness is constant and the magnetic 
field strength is lower but uniform around the perimeter. 

20 The shape of the outer casing of the housing shown in figure 6, being an oval-sh2f»e, 

maximises the external field strength and assists in holding the device in place in incomplete 
magnetic circuits. Incomplete magnetic circuits are met in practice when there is an air gap 
between the bottom of the device and the surfece to which it is to be attached, or were there is a 
non-magn^c material inteiposed between the surface to which the device is designed to be 

25 attached and the bottom of the device. 

It is another feature of prefeiied embodiments of the present invention that the poles are 
of the shortest possible length. The poles form part of the magnetic circuit (along with the 
magnets). The poles have an inherent magnetic resistance CVeluctance") T?iiilch results in loss of 
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magnetic energy. Thus, the present invention^ in mimmismg the length of the poles, minimises 
loss of magnetic mergy and hence maximises the external field strength. 

Jt has also been found diat the required torque to shift the upper magnet 1 1 to the "^on" 
position decreases markedly with the increase of magnetic flux through the external circuit. An 
5 added feature is dierefoie a torque sensitive lever which will only allow the device to be 
switched to the "on" position if an appropriate external magnetic circuit is present 

The present invention utilises an '*active*' shunting technique whwein the magnetic 
circuit is switched from a strong external field to a weak external field by performing a 
magnetic short circuit using the magnets themselves. The passive poles can be reduced to a 
10 minimum of mass which, in turn, is a prerequisite for retaining the highest possible magnetic 
force. This should be contrasted with "passive" shunting, as disclosed in the Yanagisawa 
refoience cited earlier, in which passive ferromagnetic external poles establish a magnetic short 
circuit between the poles of the pmnanent magnet. A strong permanent magnet requires 
relatively large amounts of passive material to perfom this shimting. 

15 The preset invention, in its preferred embodiments, also has the advantage of having 

very low fiiction between the magnets and around the magnets and between the magnets and the 
poles. This is a result of the synunetrical pull between the cylindrical magnets and the poles 
and the walls of the housing, resulting in a zero net attraction. 

The preferred embodimOTts of the present invention also make greater use of the area 
20 under the B-H curve. The use of shorter pole lengths also reduces the reluctance of the poles, 
thereby minimising magnetic losses thrt>ugh the poles. 

It is a further advantage of preferred embodiments of the present invention that the bulk 
of the field lines are directed through die pole pieces to the worlqpiece or surface. 

The switchable magnetic device of the present invention provides a conq>act and rugged 
25 device capable of many uses. The use of diametrically polarised, essentially cylindrically shaped 
magnets allows the device to be compact and it also enables the magnets to be rotated relative to 
each other without the necessity of having larger void spaces within the internal chamber for the 
magnets to be moved into. The shape of the external pole pieces enables the extemal magnetic 
fields to be maximised. The device is simple to use and can provide a strong holding force to 
30 hold objects firmly in place. 
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The second, tbird, fourth and fifth aspects of the present invention have been developed 
following further studies conducted by the present inventors on the switchable magnetic device 
described in the first aspect of the present hivention. These studies have shown that Ihe force 
required to turn the switdhable magnetic device firom the **ofiP* to the "on" positions varies with 
5 the permeability of the external magnetic circuit In particular, the force required to switch the 
device into the "on'* position from the "ofi" positions when there is no external magnetic circuit 
is much greatCT than the force required to switch the device into the on position when an 
external magnetic circuit is present. An external magnetic circuit may be present, for example, 
when the device is placed in contact with or close proximity to an external ferromagnetic 

1 0 matCTial. Figure 7 shows a graph of the relative force required to turn the actuation means of the 
switchable magnetic device described with reference to Figure 5 versus angular displacement. 
As can be seen ftom Figure 7, the force required to switch the device into the **on" position 
(which is represented at an angular displacement of 1 80° in the graph of Figure 7) is high if the 
external magnetic permeability is low due to the high intrinsic magnetic field str^gth of the 

1 5 device. Work has to be performed to overcome the resistance produced by this intrinsic 
magnetic field. Rotation of the magnets converts mechanical en^-gy to magnetic potratial 
energy stored in a high flux density repulsion field between the poles. 

Figure 8 shows the same graph as Figure 7, but with the switchable magnetic device 
being in the presence of a low external magnetic reluctance path. This may be achieved, for 

20 example, by placing the device in contact with, or in close proximity to, an external 

ferromagnetic material, such as occurs when the magnet is used to attach to an external load. As 
can be seen from Figure 8, although the general shape of the graph is similar to that of Figure 7, 
the relative force reqiiired to move the magnets between the off position and the on position is 
much lower than the force required in Figure 7. The force required to move the magnets 

25 between the off and on positions in Figure 8 is lower than that in Figure 7 because the externa) 
magnetic circuit results in the magnetic flux finding an easier external path which diverts some 
of the magnetic flux &om between the repelling poles. 

In both Figure 7 and Figure 8, an angular displacement force tries to move the magnets 
towards 0° or 360^ (ie the fully off position) except at 180^ (ie the fully on position) at which 
30 clockwise and counter clockwise forces hold a balance, albeit an unstable or quaa-stable 
equilibrium. 



004S33393V2 

15 

In the second aspect of the present invention, which includes a biasing means 
operatively associated with tfie actuation means to bias the m^gn^s away from the fully off 
position, when the switchable magnetic device has no external magnetic circuit, for example, 
where the device is not in contact with, or in close proximity to, an external ferromagnetic 
5 material, the force required to shift the device from the off position to the on position is 

relatively high. The biasing means applies a force to the actuation means but this force is lower 
than the force required to move the actuation means to the on position in the absence of the 
external magnetic circuit. However, closing the external magnetic circuit will reduce the force 
required to move the device into the on position. As a result, coirect selection of the biasing 

10 means will result in the force applied to the actuation means by the biasing means being 
sufficiently large to move the device to the on position. As a result, when the device in 
accordance with the iBrst aspect of the present invention is placed in close proximity to or in 
contact with an external ferromagnetic material, the device automatically switches to the on 
position. Thus, the device of the second aspea of flie present invention may be said to have an 

15 automatic turn on feature. 

In the apparatus of the second aspect of the present invention, the biasing means acts to 
hold the actuation means away from the fully ofiFposition. For example, the biasing means may 
apply a force F as shown in Figure 9, which biases the actuation means away from the 0' or 
fidly off position, when there is no external magnetic circuit present. In the example of in 

20 Figure 9, the biasing force F applied by the biasing means holds the actuation means at about 

^ 30* from the fully off position when there is no external magnetic circuit When an extemal 
magnet circuit is closed, force F is greater than the force Fl required to move the magnets and 
hence the device automatically moves to the on position. Put in slightly different terms, the 
biasing means applies a rotational force F to the magnets. In the absence of an exteroal magnetic 

25 circuit, a maximum force F2 is required to move the device to the * W position* As F is less 
than F2, the device does not move to the "on" position in the absence of an extemal magnet 
circuit. Howev^*, once an extemal magnetic circuit is in place, the maximum force that needs to 
be applied to move to the "on" position reduces to Fl . As the force F provided by the biasing 
means is greater than Fl, flie device automatically moves to the ''on" position when an external 

30 magnetic circuit is completed. 
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The embodimesxts in accordance with the thiid and fourth aspects of the present 
invention, in iKiiich the magnets are prev»ted fix>m rotating to the fully on position, may be 
described as including an "automatic off' feature in which the device automatically turns off if 
it is removed fix>m an external magnetic circuit, for example, by removing it from an external 
5 ferromagnetic material. This action may be explained with reference to Figure 1 0, which is a 
plot of angular displacement against the relative force, together wifli Figures 1 1 & 12. Plot A 
shows the force for the case where there is no external magnetic circuit and Plot B shows the 
force where there is an external magnetic circuit. 

For the device to operate in tbc automatic reset mode, it may utilize the internal friction 
10 of the device, or a puipose built ovenidable retaining device may be used. The reset feature is 
triggered when the external magnetic padi is interrupted. 

Figure 10 illustrates the applicable forces in an embodiment of Ae automatic reset 
configuration relying on the internal friction of the device. In this embodiment it is assumed that 
the device is switched on to, say, ITS'*, (Figure 12), ie. it is not in the 180* quasi-equilibrium 

15 position* Thus there is a reverse magnetic force, W (Figure 10), acting to turn the magnetic 
switch ofl^ assuming thete is a low reluctance eternal magnetic path in place and the Plot B 
represents the repulsive magnetic force between the magnets in this condition. The internal 
friction at 175* is shown at X. This fiictional force acts against the repulsive magnetic force W, 
and because the frictional force is greater than W, the switch remains in the 175* position as 

20 long as the low reluctance path is m place. If the extmxal low reluctance path is brokffi, the 
repulsive force between the magnets is now shown by Plot A. Thus the repulsive force now 
becomes Y, which is greater than X. As a result, the movable magnet is driven towaids the off 
position until the repulsive magnetic force of Plot A and the fiictional force are in equiUbrium 
atZ. 

25 While the friction line is shown as a stmig^t line, die friction force may vazy vrith 

rotation due to, eg, the effect of the change in the magnetic interaction between the magnets 
with position. Other factors besides friction (such as inertia of the magnet(s)) may also assist in 
retaining the device in the on position when in the presence of an external magnetic circuit. 

Where a largor or more precise control of the reset action is required, a trippable latching 
30 mechanism which will yield under the Plot A magnetic repulsion, may be used. One 



0045a3393v2 

17 

embodiment of such a latch is similar to a triangular sectioned spring loaded door latch with a 
perpendicular 'leading** edge in flie turn on direction, and a sloping trailing edge. This can 
engage with a suitable lecess at the desired angle of rotation (eg, 175*) on the other part of the 
relatively moving pair of magnets or their respective carriers. The spring t^ion can be adjusted 
5 to control the automatic turn oflf force while providing a more predictable latching force. 

hi anoflier embodiment of the invention, the switchable magnetic device incorporates the 
automatic on feature of the second aspect of the present invention and an automatic off feature 
of one of the third or fourth aspects of the present invention. 

In prefiarred embodiments of all aspects of the present invention, the jSrst permanent 
1 0 magnet and the second permanent magnet are essentially cylindrically shaped. 

Preferably, the first and second magnets are substantially disc-shaped. Most preferably, 
the first and second magnets are essentially cylindrical in shape and the height of the cylinder is 
less than the diameter of the cylinder. It will be appreciated that the first and second magnets 
need not be exactly cylindrical and that slight variations from a circular cross-section also fall 
15 within the scope of the present invention. The height of the magnets may vary over a wide 
range, and the ratio of diameter to height may also vary over a wide range. 

The first and second magnets may be essentially identical to each other. 

Alternatively, the first and second magnets may have different magnetic properties. The 
magnets may have the same or different physical dimensions to each other. Varying the 
20 magnetic properties or the physical dimensions of the first and second magnets can be used in 
some embodiments of the invention to vary nuignetic switching properties. 

In embodiments of the second aspect of ttie present invention, the biasing means 
operatively associated with the actuation means preferably conq>rises one or more springs. 
Alternatively, the biasing means may comprise air pressure means, pneumatic means, bimetalhc 
25 spring or indeed any othtt- suitable means for applying a biasing force. 

It is preferred that the biasing means applies a biasing force such that the first and 
second magnets aic offset by about 1 O*' to 60«, more preferably 20** to 40', most preferably 
about 30'' from the fully off position. 
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In embodimeiits of the second or third aspects of the present mventioD, the rotation 
limiting means may comprise a stop means preventing rotation of the actuation means to the 
fully on position. Alternatively, the rotation limiting means may comprise stop means inter- 
engaging with one or bofli of the first and second magnets for preventing rotation of the first 
5 and/or second magnets into the fiilly on position. In this embodiment, the stop means may 
comprise a retractable engaging member ttiat moves into a recess formed in a sur&oe of one of 
the magnets when the recess moves into alignment with the retractable member as the magnet is 
rotated towards die on position. When the magnet rotates back towards ttie off position, an 
inclined or tapering surface may be provided m order to enable the retractable member to be 
10 disengaged firom the recess in the magnet 

Turning to Figure 1 1, v/bich shows a switchable magnetic device in accoidance with the 
present invention, tfie basic device of Figure 11 is genmlly similar to that shown in Figure 2 
and like features have been denoted by like reference numerals. The device of Figure 1 1 also 
includes a biasing spring 30 in the form of a coil spring connected at one end 31 to pole 13 and 

15 at its inner end to the shaft 21. Coil spring 30 biases the shaft 21 such diat the shaft 21 is held at 
an angle a 1 of about 30° fiom the fliUy opposition. The fully off position is denoted by 
reference numeral 32. It shoidd be noted that al is the angle at which the shaft is held by the 
biasing spring 30 when there is not external magnetic circuit associated with ttie device. A hi^ 
reluctance external magnetic circuit leads to a balance between the force provided by biasing 

20 spring 30, which tries to tum the device to the on position and the resistance of the internal 
magnetic field counteracting this force. This results in the device adopting a stable stand-by 
state. Closing the externa! magnetic circuit with a sufficiently low reluctance path will lower the 
internal magnetic field and the force provided by the biasing spring will now be sufficient to 
switch the device to the on position. If rotation of the lever 22 is permitted to go beyond 1 80** to 

25 a stop member (not shown) at, say 1 85% the device will remain in the fldly on position if the 
external magnetic circuit is forcefully removed because the magnetic field will now push the 
movable magnet against the stop. This may be thought of as the equivalent of a magnetic over- 
the-centre toggle. 

As an alternative adaptation of the apparatus shown in Figure 1 1, the device may be 
30 provided with a stop member 33 located before 180*, 5^ at 1 75**, which may be as simple as a 
projection extending upwardly firom the upper surface of the device, which projectmg engages 
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with lever 22 as lever 22 is turned towatds the fully on position. Stop member 33 piwents the 
lever 22 fiom rotating to the fiilly on position. It is prefened that the lever 22 is aUowed to 
totate close to but below 180», which allows the device to almost, but not quite, go into the fiilly 
on position. In this case, the device will return automatically to the low external field state if the 
external magnetic circuit is feicefully temoved. While die low reluctance external path is in 
place, the internal ftiction may be sufficient to hold the magnet switched on, as discussed with 
reference to Figure 1 0. 

The device shown in Figure 1 1 includes embodiments of the second aspect of the 
present invention and embodiments of the third or fourth aspects of the prescaot invention. It win 
be appreciated that other embodiments of the invention m^ provide the auto-on feature of flie 
second aspect of the present invention or the auto-off feature of the tWid or fourth aspects of the 
present nivention. 

la some cases, it may be desirable to ensure that tbt rehtctance of the extetnal patti is 
sufficiently low to reduce the tam-on force below a predetermined threshold, indicatmg that a 

15 certain amount offlux has been diverted throu^ the external magnetic circuit This 
anangement is examined wifli refereice to Figures 13 & 14. 

hi a first airangemeot of the torque limited switch, the niming mechanism, eg handle or 
lever, is connected to Ae movable magnet through a torque sensmg spring mechanism as shown 
in Figure 13. The relevant forces are shown in Figure 14. If the required fbree to overcome the 

20 repulsive magnetic fi>rce exceeds the threshold shown in Figure 14 , eg as shown at V on Ph)t 
C this is an indication that hisufficient flux has been diverted to the external magnetic path or, 
in other words, the reluctance of the external path is too high. When the force appUod to the 
handle exceeds the threshold, the torque limiting device may act as a lost motion device 
allowing the lever to continue turning, but preventing transfer of the rotation to the movable 

25 magnet. 

The handle may con^e a torque sensitive lever that does not aUow a toixpie in excess 
of a predetennined amount to be ^lied to the one magnet In this regard, when there is no 
external load applied to the device, it requires more force to switeb the device between active 
and inactive states. Use of a torque sensitive lever as part of the actuation means can result in it 
30 being impossible to switch the device between the active and inactive states if no sufficient 
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external magnetic circuit is present This feature may be utilized as a fail-safe featuie to prevent 
an attempt to couiect to an object where the magnetic coupling to the object is insufficient to 
safely lift tiie object. 

Figure 13 shows an embodiment of the invention utiUsing a toique lever as the actuation 
5 means. In this case, shaft 21 is suiiounded by an inner ring 40 and an outer ring 4 1 . Inner ring 
40 contains a recess for receiving the pointed end of a piston 42. Outer ring 41 includes a 
passageway through which the piston 42 passes. Piston 42 is contained within an outer easing 
43. Piston 42 is spring loaded by virtue of compression spring 44 which is positioned inside 
casing 43 and extends between piston 42 and adjustable gnib scnsw 45. If an attempt is made to 

10 tum the lever 22 wilhout an external magnetic dicuit being present, the resistance to turning 
caused by the internal magnetic field of the device results in the force ^lied to fbm lever 22 
exceeding a present value. This results in the tip of tiie piston 42 bcmg displaced from the 
recess in inner ring 40 and the lever then slips together with the outer ring, thus disconnecting 
the flow offeree to the inner ring, which is fixed to the shaft. The top magnet immediately 

1 5 returns to the ofFstate. In this way, a connection between an external magnetic circuit and the 
controlled tuxning-on function of the device can be realised. 

In Oxe embodiment shown in Figure 15, which is one embodunent of the fifth aspect of 
the present invention, turning handle 22 is connected to the rotatable magnet via a flexible link, 
such as a spring 50. Spring 50 is selected such that it does not substantially deform if the 

20 turning handle 22 is rotated when the device is in the presence of an externa] magnetic circuit, 
such as when the device is placed on a ferromagnetic material. However, if the turning handle 
22 is operated in the absence of an external magnetic field, the force required to rotate the 
magnet is much greater (see Figure 7) and the spring 50 deforms. This results in the turning 
handle rotation being taken up by the deformation in the spring 50 and thus the magnet does not 

25 rotate. Eventually, the turning handle may be rotated sufficiently far such that the spring 50 is 
fully deformed (or compressed) and further rotation of the turning handle 22 is translated into 
rotation of &e magnet. 

It will be appreciated that the force vs angular displacement diagrams shown in Figures 

7- lOand 14 have been provided to illustrate thcprinciplesinvolvedinthepiBsent invention. 
30 Mowevw, it will also be qiptwiated that the shape of the force vs angular displacement curves 



004S33393V2 



21 



Shown in Figures 7 - 10 and 14 is not necessarily comsct and the actual shape of the curve may 
vary fiom that illustrated. 

Rrfening now to Figures 16 and 1 7, which show a coupUng in accoidance wiA the 
present invention, the coupling 100 comprises a first switchable magnetic device 102 and a 
5 second switehiible magnetic device 104. h Figure 16, both switchable magnetic devices 102, 
104 aie in an "on" position. Moreover, it can be seen that devices 102, 104 are ananged such 
that when they are in the "on" position, their respective north and south poles are in alignment 
In the configuration shown in Figure 16, the two magnetic devices 102, 104 repel each other, 
fe fee ecmfiguration shown in Figure 17. switohable magnetic device 102 has been 

10 switched to the "ofT position so that h presents a relatively weak or insignificant external 
magnetic fiekL As switchable magnetic device 102 includes fcnomagnetic material, it is 
attracted to second switchable magnetic device 104, whidi is stiU in the "on" position, nius, 
the coupling 100 can actively couple. Switching the switchable magnetic device 102 to the 
"on" position shown in Figure 16 will cause repulsion and the coupling will actively uncouple. 

15 The coupling shown in Figures 16 and 17 also allows second switchable magnetic 

device 104 to be switched to an "ofF" position. If switchable magnetic devices 102. 104 are 
both switched to an "off" position, the coupling goes into a passive state in which neither 
attractions nor repulsion occur. If such a passive state is not required, on of the switchable 
magnetic devices 102, 104 may be substituted by a magnet, such as a permanent magnet. 

20 The first and second magnetic devices should be arranged such that foey can move 

relatively towanJs and away fixaa each other to allow coupling and uncoupling tbereoZ 

In embodiments where the first and/or second magnetic devices are switchable magnetic 
devices, they are preferably as described with reference to any of the first to fifth aspects of the 
present invention. 

25 Those skilled in the art will appreciate that the present invention may be susceptible to 

variations and to modifications other than those specifically described. It is to be understood 
that the present invention encompasses all such variations and modifications that fill within its 
spirit and scope. 



